With the publication of the ABS Guide for Fatigue Assessment of Offshore Structures (2003) and the Commentary to the Guide for the Fatigue Assessment of Offshore Structures (2004), application of the Fatigue Design Factor (FDF) is highlighted in fatigue assessments of offshore structures. Following review of FDF's in available Rules/Guides from other authorities, FDF's applied in the ABS Guide is presented and quantified with a corresponding safety level thus helping the user to relate FDF's to estimated failure probability levels.
INTRODUCTION
For over a half century ABS has been involved in the development of fatigue technology starting in 1946 with the formation of the Ship Structure Committee (SSC) for the specific goal of addressing avoidance of serious fracture in ships. The SSC, with strong financial support from ABS, has executed several fatigue research projects. Meanwhile, ABS has also provided support to numerous joint industry/agency fatigue projects in addition to independent investigators for their own in-house projects.
The current state of the art in fatigue technology represents worldwide contributions of a large number of investigators from government agencies, professional organizations, classification societies, universities, and private industry, most notably petroleum companies. ABS has synthesized this body of knowledge to provide fatigue design criteria for marine structures, among them are the ABS published Guide for the Fatigue Assessment of Offshore Structures (2003) and the Commentary to the Guide for the Fatigue Assessment of Offshore Structures (2004) . The ABS Guide and Commentary not only provide the procedure for fatigue assessment and design requirement, but also the background to describe how the procedure was developed. One of the important aspects in fatigue design criteria is the introduction of Fatigue Design Factors (FDF).
In this paper, the definition of FDF is described first, followed by a general review of FDFs in various Rules/Guides. The effect of applying FDF on safety or reliability point of view is then presented in terms of failure probability. The later provides quantitative result when applying different FDF. The importance of FDF in fatigue design is therefore emphasized.
FATIGUE DESIGN FACTOR
The Fatigue Design Factor (FDF) is a parameter with a value of 1.0 or more, which is applied to increase the required design fatigue life or to decrease the calculated permissible fatigue damage. The purpose of a fatigue design factor is to account for uncertainties in the fatigue assessment and design process. The process includes operations of estimating dynamic responses and stresses under environmental conditions. The uncertainties include the following:
• Statistical models used to describe the sea states • Prediction of the wave-induced loads from sea state data • Computation of nominal element loads given the wave-induced loads • Computation of fatigue stresses at the hot spot from nominal member forces • Application of Miner's rule
• Fatigue strength as seen in the scatter in test data, where a typical coefficient of variation on life is approximately 50-60%.
• Environmental effects on fatigue strength, e.g., corrosion • Size effects on fatigue strength • Manufacturing, assembly and installation operations In addition to uncertainties, the fatigue design factor should also account for:
• Ease of in-service inspection of a detail • Consequences of failure (criticality) of a detail While reliability methods promise the most rational way of managing uncertainty, the concept of a factor of safety on life, referred herein as a fatigue design factor (FDF), maintains universal acceptance.
SAFETY CHECK EXPRESSION
The safety check expression can be based on damage or life. While the damage approach is featured in the ABS Fatigue Guide (2003), either approach below can be used and are exactly equivalent.
When expressed in fatigue damage, the design is considered to be safe if: The FDF is also referred to as a factor of safety on life. Fatigue design factors specified in relevant documents are summarized in the following section.
FDFS SPECIFIED IN DOCUMENTS OTHER THAN ABS GUIDE
The following is a summary of factors of safety on life that have been extracted from documents relevant to marine structural fatigue. The safety factors by themselves do not tell the whole story and may not address all of the issues raised above. However, it is instructive and helpful in the development of the Guide to review those factors that have been published in relevant documents.
It should be noted that safety factors associated with free corrosion in seawater and cathodic protection in seawater are not included in these factors and should be applied separately.
API RP2T [API (1997)]
"General structure:
In general, it is recommended that the design fatigue life of each structural element of the platform be at least three times the intended service life of the platform."
"Tendons: … high uncertainties exist … The component fatigue life factor of ten is considered a reasonable blanket requirement."
API RP2A [API (2000)]
"In general, the design fatigue life of each joint and member should be at least twice the intended service life of the structure (i.e., FDF = 2.0)."
Fatigue Design of Welded Joints and Components, [IIW (1996)]
For fatigue verification, it has to be shown that the total accumulated damage is less than 0.5, i.e., FDF = 2.0.
ABS Rules for Building and Classing Steel Vessels, Part 5, American Bureau of Shipping [ABS (2004)]
No safety factor specified, i.e., an implied factor of safety on life of 1.0. However, since computed stress is based on "net" scantlings, the nominal FDF is greater than 1.0.
Offshore Installations: Guidance on Design, Construction and Certification, UK Department of Energy [DEn (1990)]
No specific value given. "In defining the factor of safety on life, account should be taken of the accessibility of the joint and the proposed degree of inspection as well as the consequences of failure."
ISO CD 19902, International Standards Organization [ISO CD 19902 (2000)]
In lieu of more detailed fatigue assessment, the FDF can be taken from the following The standard basic S-N curves are based on a mean minus two standard deviations.... Thus, an additional factor on life, i.e., the use of S-N curves based on the mean minus more that two standard deviations should be considered for cases of inadequate structural redundancy.
FDF DEFINED IN ABS FATIGUE GUIDE
The Fatigue Design Factor (FDF) is a parameter with a value of 1.0 or more, which is applied to increase the required design fatigue life or to decrease the calculated permissible fatigue damage. Note: * The minimum Factor to be applied to uninspectable 'ordinary' or uninspectable 'critical' structural details is 5 or 10, respectively.
1) The stated Factors presume that the detail can be inspected at times of anticipated scheduled survey or when structural damage is suspected. The need to move equipment or covers to provide direct visual access or to employ inspection tools does not disqualify the detail as being 'inspectable'. However where the ability to perform direct visual inspection is not evident from the submitted design documentation, any 'Inspection Plan' as required by the applicable Rules is to address how it is intended that the required, effective inspection will be accomplished. The use of uninspectable details should be avoided as far as is practicable.
2) ABS S-N curves, in air, as presented in Table 2 and Figure 1 3) ABS S-N curves for tubular joints 4) ABS S-N curves for details cathodically protected in seawater 5) C1 curve in Structural Welding Code -Steel (AWS, 1992) 6) X curve in API RP2A (2000) 
SIMPLIFIED FATIGUE ASSESSMENT METHOD
In the simplified fatigue assessment method, the two-parameter Weibull distribution is used to model the long-term distribution of fatigue stresses. The cumulative distribution function of the stress range can be expressed as:
Where S = a random variable denoting stress range γ = the Weibull shape parameter δ = the Weibull scale parameter Based on the long-term distribution of stress range, a closed form expression for fatigue damage can be derived. A major feature of the simplified method is that appropriate application of experience data can be made to establish or estimate the Weibull shape parameter thus, avoiding a lengthy spectral analysis.
The other major assumption underlying the simplified approach is that the linear cumulative damage (Palmgren-Miner) rule applies, and the fatigue strength is defined by the S-N curves.
The scale parameter, δ, which is also called the 'characteristic value' of the distribution, is obtained as follows.
Define a reference stress range, S R , which characterizes the largest stress range anticipated in a reference number of stress cycles, N R . The probability statement for S R is: (5) where N R = number of cycles in a selected period of time S R = value which the fatigue stress range exceeds on average once every N R cycles.
For a particular offshore site the selection of an N R and the determination of the corresponding value of S R can be obtained from empirical data, or from long-term wave data (using wave scatter diagram) coupled with appropriate structural analysis.
From the definition of the distribution function, it follows from Eqs. (4) and (5) that:
The shape parameter, γ, can be established from a detailed stress spectrum analysis or the shape parameter may be assumed based on experience.
The results of the simplified fatigue assessment method can be very sensitive to the values of the Weibull shape parameter. Therefore where there is a need to refine the accuracy of the selected shape parameters, the performance of even a basic level global response analysis can be very useful in providing more realistic values. Alternatively, it is suggested that when the basis for the selection of a shape factor is not well known, then a range of probable shape factor values should be employed so that a better appreciation of how selected values affect the fatigue assessment will be obtained.
The cumulative fatigue damage for the twosegment S-N curve is expressed as:
Γ(a,z) and Γ 0 (a,z) are incomplete gamma functions (integrals z to ∞ and 0 to z, respectively). Values of these functions may be obtained from handbooks.
where S Q is the stress range at which the slope of the S-N curve changes.
SAFETY LEVEL IMPLIED IN FATIGUE DESIGN
Unlike ship structures, which have regular inspection and on-site and port repair, offshore structures usually operate in a fixed location for 20 years without port repair. Due to the economic lose if the offshore structure has to stop operation for inspection or repair, or, if the environment impact due to leakage of the structure, which can result from fatigue cracks, applying FDF to reduce the risk of fatigue cracks is the common practice. However, the safety level in terms of failure probability by applying FDF is not easily understood by designers and users. In this Section, the failure probability of fatigue cracking is calculated with different FDFs.
With reference to Spencer, Wirsching, Wang & Mansour (2003), the event of failure is the event that the cycles to failure is less than the service life as:
The probability of failure is then defined as: For a offshore structure having 20 years fatigue life with no inspection and repair, Table 3 presents the failure probability implied in basic design with FDF = 1, corresponding to different Weibull parameter. It is shown that failure probability of fatigue design is independent of the variable of Weibull shape parameter. In-air S-N curve is used in this study. Figure 2 shows the results of failure probability by applying different FDF listed in Table 3 . It clearly shows the increase of safety by applying FDF > 1, e.g., for F curve, failure probability reduced from 8.56×10 -2 to 3.47×10 -6 , according to Figure 2.
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CONCLUSIONS
Application of FDF in fatigue assessment of offshore structures is described in detail in this paper. The effect of FDF is addressed by calculating failure probability of fatigue limit state. It is concluded that by applying FDF, the failure probability of fatigue cracking can be reduced depends on the FDF used. It is also showing that failure probability, however, is independent of Weibull shape parameter.
